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Research suggests that neighborhood characteristics influ-
ence cardiovascular health.1 Neighborhood crime, or lack 
of perceived safety, may lead to adverse cardiovascular out-
comes through chronic stress.2 Chronic stress leads to pro-
longed activation of the sympathetic nervous system and 
secretion of stress hormones in response to repeated expos-
ure to stressful situations.3 Long-term dysregulation of stress 
hormones leads to inflammation and endothelial dysfunc-
tion, which may adversely impact blood pressure (BP).3,4 In 
addition, exposure to neighborhood crime may adversely 
influence health behaviors, such as by discouraging residents 
of those neighborhoods from engaging in physical activ-
ity,5–7 or promoting unhealthy behaviors as coping mecha-
nisms to deal with stress.
Prior studies of neighborhood crime/safety and BP have 
primarily been cross-sectional,8–11 and results have been 
mixed. Cross-sectional data are limited by the inability 
to establish a temporal association between crime and BP 
changes. Only one prior longitudinal study has evaluated 
associations of neighborhood safety with incident hyper-
tension, and found no association.12 Neighborhood crime/
safety exposures may be operationalized in different ways, 
including individual-level perceptions of safety, neighbor-
hood-level measures constructed by aggregating individual 
perceptions,13 and objective measures of police-recorded 
crime. Prior studies have not examined associations of all 
three types of exposures with BP change over time, which 
would enable researchers to separate the potential influence 
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BACKGROUND
High neighborhood crime and low perceptions of safety may influence 
blood pressure (BP) through chronic stress. Few studies have examined 
these associations using longitudinal data.
METHODS
We used longitudinal data from 528 participants of the Multi-Ethnic 
Study of Atherosclerosis (aged 45–84, nonhypertensive at baseline) 
who lived in Chicago, Illinois. We examined associations of changes 
in individual-level perceived safety, aggregated neighborhood-level 
perceived safety, and past-year rates of police-recorded crime in a 1, 
½, or ¼ mile buffer per 1,000 population with changes in systolic and 
diastolic BPs using fixed-effects linear regression. BP was measured 
five times between 2000 and 2012 and was adjusted for antihyper-
tensive medication use (+10  mm Hg added to systolic and +5  mm 
Hg added to diastolic BP for participants on medication). Models 
were adjusted for time-varying sociodemographic and health-
related characteristics and neighborhood socioeconomic status. We 
assessed differences by sex.
RESULTS
A standard deviation increase in individual-level perceived safety was 
associated with a 1.54 mm Hg reduction in systolic BP overall (95% con-
fidence interval [CI]: 0.25, 2.83), and with a 1.24  mm Hg reduction in 
diastolic BP among women only (95% CI: 0.37, 2.12) in adjusted mod-
els. Increased neighborhood-level safety was not associated with BP 
change. An increase in police-recorded crime was associated with a 
reduction in systolic and diastolic BPs among women only, but results 
were sensitive to neighborhood buffer size.
CONCLUSIONS
Results suggest individual perception of neighborhood safety may be 
particularly salient for systolic BP reduction relative to more objective 
neighborhood exposures.
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of perceptions and objective neighborhood characteristics. 
In addition, prior studies have not examined associations 
of within-person changes in perceived safety or police-
recorded crime with within-person changes in BP. This 
approach, accomplished by fixed-effects modeling,14 con-
trols for all participant characteristics (both measured and 
unmeasured) that remain constant over time.
This study examines longitudinal associations of within-per-
son changes in individual- and neighborhood-level perceived 
safety and police-recorded crime rates with within-person 
changes in BP in the Multi-Ethnic Study of Atherosclerosis 
overall. We hypothesized that increases in individual-level 
perceived safety and neighborhood-level perceived safety 
would be associated with reductions in BP, and that increases 
in police-recorded crime would be associated with increases 
in BP. As some prior studies have found differences by sex in 
associations of crime/safety with other cardiometabolic out-
comes,15,16 we examined associations overall and by sex.
MATERIALS AND METHODS
Study population
The Multi-Ethnic Study of Atherosclerosis (MESA) is 
a multi-site cohort study of 6,814 US adults aged 45–84 
at enrollment. The cohort includes self-identified White, 
African-American, Hispanic, and Chinese-American adults 
who were free of cardiovascular disease (CVD) at baseline 
and were recruited from six US sites.17 Baseline exams were 
conducted between July 2000 and July 2002, with follow-up 
exams in 2002–2004 (exam 2), 2004–2005 (exam 3), 2005–
2007 (exam 4), and 2010–2012 (exam 5). The Institutional 
Review Board at each site approved the study, and all partici-
pants provided written informed consent.
The MESA Neighborhood Study is an ancillary study 
which assessed neighborhood exposures and geocoded 
all residential addresses of MESA participants who agreed 
to participate. Our analysis included participants in the 
Neighborhood Study whose addresses were geocoded to 
the street-level or zip+4 centroid and who lived within the 
city limits of Chicago, as detailed police-recorded crime 
data were only available for this site (N = 855). Participant 
exam-years were excluded due to missing outcome (n  =  4 
exam-years), exposure (n  =  39 exam-years), or covariate 
(n = 159 exam-years) data. In addition, we excluded those 
with hypertension at baseline to remove the potential for 
confounding by baseline hypertension status (N = 305), for a 
final sample size of 528 participants.
Blood pressure
Systolic and diastolic BP (SBP, DBP) were measured at 
each exam following a standard protocol. Participants rested 
for 5 minutes and then three measurements were taken at 
2-minute intervals using an automated oscillometric sphyg-
momanometer.18 The second and third measurements were
averaged and this value was used for analysis. To account
for treatment effects of antihypertensive medication use,
we added 10  mm Hg to the observed SBP and 5  mm Hg
to the observed DBP values among participants reporting
antihypertensive medication use. This approach was found 
in simulation studies to reduce bias and loss of power rela-
tive to other strategies for handling treatment effects.19 In 
a sensitivity analysis, we used the observed BP values and 
adjusted for antihypertensive medication use as a covariate.
Neighborhood perceived safety
Neighborhood perceived safety was assessed via ques-
tionnaire. Respondents rated an area within a 20-minute 
walk (approximately 1 mile) of their residence using two 
questions: “I feel safe walking in my neighborhood, day or 
night” and “Violence is not a problem in my neighborhood”. 
Response options were Likert-scaled from 1 (strongly agree) 
to 5 (strongly disagree), and the scale was found to have 
acceptable internal consistency and reliability.13 These meas-
ures were assessed twice from MESA participants (in 2003–
2005 and 2010–2011). For exams at which perceived safety 
was not assessed, the score was imputed from the exam clos-
est in time. To examine associations of individual-level per-
ceived safety with outcomes, we averaged the responses to 
these two survey questions.
We aggregated individual-level perceived safety ratings 
to create summary measures at the neighborhood (census 
tract)-level. Aggregating individual-level neighborhood 
perceptions avoids the issue of same-source bias, in which 
individuals self-report both exposure and health outcomes 
and their health status affects how they report the expos-
ure or vice versa.20 To create neighborhood measures, an 
independent sample of community raters living in the same 
census tracts as MESA participants were recruited using 
random digit dialing or list-based sampling.13 These com-
munity raters completed the neighborhood safety ratings in 
2004 and 2011–2012. Neighborhood safety ratings of MESA 
participants and community raters were aggregated to the 
census tract-level using empirical Bayesian estimation.13 
Standardized z-scores for individual-level and neighbor-
hood-level perceived safety were calculated for each partici-
pant by centering at the mean and dividing by the standard 
deviation (SD) across all time points.
Neighborhood crime
Police-recorded crime data from 2001–2012 was obtained 
from the City of Chicago Data Portal,21 which contains data 
on all police-recorded crimes occurring within the Chicago 
city limits. Crime locations are geocoded to 100th block 
centerlines, and information on the date and crime type 
are available. For 1999–2000, similar police-recorded crime 
data were obtained from the Chicago police department. As 
described in previous work,5,15,22 crime types were catego-
rized based on Illinois Uniform Crime Reporting codes into 
four categories: homicide, assault/battery, criminal offenses 
(e.g., robbery, sexual assault), and incivilities (e.g., vandal-
ism, drug crimes). Crimes occuring in an airport/airplane 
were excluded.
At each exam, 1-year normalized crime rates were cal-
culated. Using ArcGIS version 9.1 (Esri, Redlands, CA), 
the total number of crime incidents within a 1 mile buffer 
around participant addresses in the year before the exam 
date was calculated (numerator). This rate was divided by the 
total buffer population (based on census block-level popula-
tion). For each block, a weight was calculated reflecting the 
percentage of the block area that fell within the participant 
buffer. This weight was multiplied by the total population 
within the block, and the weighted block populations were 
summed to calculate the total population within the 1 mile 
buffer. Population counts were obtained from the US census. 
Crime rates were multiplied by 1,000 to reflect the crime rate 
per 1,000 persons. We assessed sensitivity of results to alter-
native buffer sizes of a ½ and ¼ mile (a ¼ mile is equivalent 
to a 2-block radius in Chicago).
Covariates
Time-invariant covariates included baseline age, sex, 
race/ethnicity, education, and duration of residence in the 
neighborhood (Table 1). Time-varying covariates included 
marital status, income, alcohol use, smoking status, waist 
circumference, physical activity,23 diabetes,24 hyperlipid-
emia, whether participants have moved since the last exam, 
and neighborhood socioeconomic status12 (Table 1).
Statistical analysis
We used Spearman correlation coefficients to cal-
culate correlations of individual-level perceived safety, 
neighborhood-level perceived safety, and police-recorded 
crime at each exam. In statistical models, the three expo-
sures were modeled separately, then subsequently included 
together in fully-adjusted models. To examine associa-
tions of within-person changes in individual-level per-
ceived safety, neighborhood-level perceived safety, and 
police-recorded crime with within-person changes in BP, 
we used econometric fixed-effects models. Fixed-effects 
models use only within-person variation in exposures and 
outcomes and tightly control for all time-invariant person-
specific characteristics (measured and unmeasured).14 As 
Table 1. Operationalization and measurement of key socio-demographic, health-related, and neighborhood covariates
Covariate Years assesseda Operationalization Assessment method
Baseline age 0 In years Questionnaire
Sex 0 Male, female Questionnaire
Race/ethnicity 0 White, Black, Chinese American Questionnaire
Educational attainment 0 High school degree or less, some 
college, bachelor’s degree or higher
Questionnaire
Duration of residence in 
neighborhood
0 In years Questionnaire
Marital statusb 0, 3, 10 Married/living as married vs. not Questionnaire
Household incomec 0, 2, 3, 10 <$40,000, $40,000–$75,000, ≥$75,000 Questionnaire
Alcohol use 0, 2, 3, 5, 10 Current, not current Questionnaire
Smoking status 0, 2, 3, 5, 10 Never, former, current smoker Questionnaire
Waist circumference 0, 2, 3, 5, 10 Centimeters Measured using a steel measuring tape of standard 
four-ounce tension in centimeters at the minimum 
abdominal girth
Physical activityc 0, 2, 3, 10 Metabolic equivalents per week of 
moderate-to-vigorous physical activity
Questionnaired
Diabetes 0, 2, 3, 5, 10 Yes, no Fasting plasma glucose level ≥ 126 mg/dl or use of 
insulin or antihyperglycemicse
Hyperlipidemia 0, 2, 3, 5, 10 Yes, no Triglycerides ≥150 mg/dl or high density lipoprotein 
cholesterol (HDL) <40 mg/dl for men or <50 mg/
dl for women
Moving since last exam 0, 2, 3, 5, 10 Yes, no Questionnaire
Neighborhood 
socioeconomic status
0, 2, 3, 5, 10 Factor score, with a higher value 
indicating lower socioeconomic status
Data taken from US Census (2000) and American 
Community Surveys (2005–2009, 2007–2011). 
Factor score included % adult residences with 
bachelor degree, % with management/ 
professional occupations, median household 
income, % with interest, dividends, or rental 
income, and median housing valuef
The Multi-Ethnic Study of Atherosclerosis (MESA), Chicago, Illinois, 2000–2012.
aYear 0 corresponds to the baseline exam; year 2 to exam 2; year 3 to exam 3; year 5 to exam 4; year 10 to exam 5.
bMarital status in years 2 and 5 were imputed from the closest exam.
cHousehold income and physical activity in year 5 were imputed from the closest exam.
dReference for physical activity questionnaire: Bertoni et al.23
eBased on 2003 criteria of the American Diabetes Association: Genuth et al.24
fNeighborhood socioeconomic status factor score reference: Kaiser et al.12
BP trajectories demonstrated substantial departures from 
linearity (Supplementary Figure 1), the relationship between 
BP and follow-up time was modeled using piecewise linear 
splines with knots at 1.6  years (average follow-up time at 
exam 2) and 4.8 years (average follow-up time at exam 4). 
Model fit statistics indicated this relationship fit the data bet-
ter than other parameterizations (Supplementary Table  1). 
As fixed-effects models inherently control for time-invariant 
covariates, models included only time-varying covariates 
(follow-up time, marital status, income, alcohol use, smok-
ing, waist circumference, physical activity, diabetes, hyper-
lipidemia, moving since last exam, and neighborhood SES). 
However, interactions between time-invariant covariates 
(baseline age, sex, race, education, and neighborhood dur-
ation) and the time splines were tested to determine whether 
BP trajectories varied by these factors. As none were found 
to be significant (all P > 0.05), we did not retain them in final 
models.
We tested for differences by sex in all models by includ-
ing an interaction between each neighborhood exposure 
and sex. As significant interactions were found, we present 
sex-stratified results. We also tested for an interaction by 
whether or not participants moved during the study period, 
and found none (P-interaction ≥ 0.5 for all models). All 
analyses were completed in Stata version 14.2 (StataCorp, 
College Station, TX).
RESULTS
The study population of 528 participants was followed for 
an average of 9.0 years. At baseline, the study population was 
63.5% non-Hispanic white, 24.2% non-Hispanic black, and 
12.3% non-Hispanic Chinese, and 54.9% women (Table 2). 
The population-level mean SBP increased from 114.4  mm 
Hg at baseline to 120.1  mm Hg by year 10 (2010–2012). 
Mean DBP increased from 69.0 mm Hg to 70.6 mm Hg. Total 
crime rates per 1,000 persons within a 1 mile radius of par-
ticipants’ home declined from 91.2 at baseline to 65.9 by year 
10. The average individual-level perceived safety declined
from 3.7 to 3.6 (scaled 1–5 with higher values reflecting
greater perceived safety), while mean neighborhood-level
perceived safety score declined from 3.6 to 3.5. A  total of
113 participants (21.4%) had at least a 1 SD change in indi-
vidual-level perceived safety, while 57 (10.8%) had at least
a 1 SD change in neighborhood-level perceived safety, and
350 (66.3%) had a change in police-recorded crime rate of
at least 10 per 1,000 persons per year. Spearman correlation
coefficients ranged from 0.48 to 0.58 for individual-level
and neighborhood-level perceived safety, −0.09 to −0.26 for
individual-level perceived safety and police-recorded crime,
and −0.11 to −0.41 for neighborhood-level safety and crime.
A 1 SD increase in individual-level perceived safety 
was associated with a within-person reduction in SBP of 
−1.54 mm Hg (95% confidence interval [CI]: −2.83, −0.25)
(Table 3). The association was stronger for women than for
men (P-interaction: 0.03), with a reduction of −3.06 mm Hg
(95% CI: −4.95, −1.17) among women and −0.61  mm Hg
(95% CI: −2.35, 1.13) among men. For DBP, an increase
in individual-level perceived safety was associated with a
reduction for women only (P-interaction: 0.003). For neigh-
borhood-level perceived safety, a 1 SD increase was asso-
ciated with a reduction in SBP of −0.78  mm Hg (95% CI: 
−2.26, 0.69) and an increase in DBP of 0.14 mm Hg (95%
CI: −0.59, 0.88), although confidence intervals were wide.
Results did not differ significantly by sex (P-interaction: 0.6
and 0.09, respectively).
For police-recorded crime, an increase of 10 crimes per 
1,000 persons in a 1 mile buffer was associated with within-
person reductions in SBP and DBP of −0.25 mm Hg (95% 
CI: −0.60, 0.10) and −0.08  mm Hg (95% CI: −0.25, 0.10), 
respectively, although confidence intervals overlapped the 
null (Table  3). Associations differed by sex (P-interaction 
<0.001 for SBP and 0.001 for DBP). Among men, an increase 
in crime was associated with increases in both SBP and DBP 
with wide confidence intervals. Among women, an increase 
in crime was associated with a reduction of −0.83 mm Hg 
(95% CI: −1.36, −0.30) in SBP and −0.25 mm Hg (95% CI: 
−0.50, −0.01) in DBP. However, results were sensitive to the
size of the neighborhood buffer used. When the crime area
buffer was reduced to a ½ or ¼ mile, an increase in crime
was no longer associated with a significant reduction in BP
among women (Table 4).
Results were similar in models that simultaneously 
included all three neighborhood exposures (Tables 3 and 4). 
In addition, patterns were similar in sensitivity analyses that 
used the original recorded BP and adjusted for antihyperten-
sive medication use (Supplementary Tables 2 and 3).
DISCUSSION
Neighborhood- and individual-level perceived safety 
and police-recorded crime rates may influence BP through 
chronic stress, yet few studies have examined these associa-
tions. In a multiethnic cohort, an increase in individual-level 
perceived safety was associated with a decrease in SBP for 
the overall population, and with a decrease in DBP among 
women only. In contrast, change in neighborhood-level per-
ceived safety was not associated with BP change. An increase 
in police-recorded crime was associated with a reduction 
in SBP and DBP among women, in contrast to the study 
hypothesis. However, this finding was attenuated when alter-
ing the neighborhood buffer.
Few studies have examined associations of neighbor-
hood crime/safety with BP or hypertension. Prior work in 
MESA found no association of neighborhood-level safety 
with prevalent or incident hypertension.10,12 However, nei-
ther study examined individual-level perceived safety or 
police-recorded crime. Two prior studies found individual-
level perceived crime/safety were not associated with cross-
sectional differences in BP among African Americans.9,11 
Our findings that an increase in individual-level perceived 
safety was associated with within-person reductions in SBP 
suggests that improvements in perceived safety may be par-
ticularly relevant for BP changes. It is possible that individu-
als may adapt to a stressful environment, but that a change 
in the environment (due to moving to a new neighborhood 
or due to changes in their present neighborhood) may affect 
stress and downstream health outcomes. More research 
Table 2. Characteristics of study participants over follow-up
Characteristic
Year 0, exam 1 Year 2, exam 2 Year 3, exam 3 Year 5, exam 4 Year 10, exam 5 P-valuea
N (%) N (%) N (%) N (%) N (%)
Total N 528 478 457 418 367 —
Time since baseline, 
years, Mean (SD)
N/A 1.6 (0.3) 3.1 (0.3) 4.8 (0.4) 9.4 (0.5) —
Outcomesb
Systolic blood 
pressure, mm Hg, 
mean (SD)
114.4 (13.8) 114.2 (15.8) 114.8 (16.4) 118.1 (17.4) 120.1 (18.9) <0.001
Diastolic blood 
pressure, mm Hg, 
mean (SD)








3.6 (0.4) 3.6 (0.4) 3.6 (0.4) 3.5 (0.5) 3.5 (0.5) <0.001
Total crime per 1,000 
persons within 1 
mile radius, mean 
(SD)
91.2 (34.6) 86.9 (31.8) 88.2 (32.3) 87.9 (40.5) 65.9 (36.3) <0.001
Total crime per 1,000 
persons within ½ 
mile radius, mean 
(SD)
72.3 (44.3) 70.7 (42.9) 73.1 (43.1) 76.0 (52.1) 56.3 (42.4) <0.001
Total crime per 1,000 
persons within ¼ 
mile radius, mean 
(SD)
59.8 (42.0) 59.7 (42.3) 62.6 (42.5) 64.5 (49.0) 49.9 (41.7) <0.001
Sociodemographics
Age, years, mean (SD) 60.4 (9.6) 61.6 (9.4) 63.4 (9.5) 65.3 (9.4) 69.2 (9.3) <0.001
 Sex 0.9
  Men 238 (45.1) 210 (43.9) 193 (42.2) 175 (41.9) 157 (42.8)
  Women 290 (54.9) 268 (56.1) 264 (27.8) 243 (58.1) 210 (57.2)
 Race 0.9
  Non-Hispanic White 335 (63.5) 302 (63.2) 294 (64.3) 277 (66.3) 234 (63.8)
  Non-Hispanic Black 128 (24.2) 117 (24.5) 111 (24.3) 93 (22.2) 88 (24.0)
  Non-Hispanic 
Chinese
65 (12.3) 59 (12.3) 52 (11.4) 48 (11.5) 45 (12.2)
 Education 0.9
High school or less 55 (10.4) 49 (10.3) 43 (9.4) 38 (9.1) 31 (8.5)
  Some college/ 
associate’s 
degree
123 (23.3) 110 (23.0) 104 (22.8) 88 (21.0) 79 (21.5)
  Bachelor’s degree 
or less
350 (66.3) 319 (66.7) 310 (67.8) 292 (69.9) 257 (70.0)
Household income, $ 0.9
  <40,000 120 (22.7) 105 (22.0) 106 (23.2) 92 (22.0) 91 (24.8)
  40,000–74,999 127 (24.1) 114 (23.8) 108 (23.6) 98 (23.4) 83 (22.6)
  ≥75,000 281 (53.2) 259 (54.2) 243 (53.2) 228 (54.6) 193 (52.6)
Married/living as  
married
319 (60.4) 291 (60.9) 274 (60.0) 249 (59.6) 202 (55.0) 0.5
is needed to elucidate the specific mechanisms of effect of 
neighborhood change.
Our finding that increases in police-recorded crime rates 
were associated with reductions in BP among women was 
contrary to our hypothesis and surprising given the strong 
association of individual-level safety with SBP reduction. The 
reason for this association is unclear, but its attenuation upon 
reducing the neighborhood buffer size suggests this finding 
is not very robust. Objectively measured crime may not align 
well with individuals’ perceptions of neighborhood safety, 
and individual perception of safety may be more strongly 
linked to stress-related cardiometabolic effects than actual 
crime rates. Prior studies have found low levels of agree-
ment between perceived and objective measures of crime/
safety,25–27 and these measures were not highly correlated in 
our study. While individual perceptions are potentially sub-
ject to same-source bias,20 their importance for health out-
comes is supported by prior work in MESA, where changes 
in perceived individual-level safety were more strongly asso-
ciated with changes in BMI and waist circumference than 
police-recorded crime,15 and more strongly associated with 
changes in depressive symptoms than neighborhood-level 
safety.28
The mechanism by which perceived safety may influence 
BP is not explicitly known. One potential pathway is through 
prolonged activation of the hypothalamic-pituitary-adrenal 
axis and secretion of stress hormones.3 Long-term dysreg-
ulation of stress hormones can result in inflammation and 
endothelial dysfunction, and subsequently higher BP lev-
els.3,4 Perceptions of an unsafe neighborhood may also deter 
residents from engaging in physical activity in their neigh-
borhood or could encourage unhealthy coping mechanisms 
like smoking. We found associations of perceived safety with 
reduced SBP among MESA participants after controlling for 
physical activity, smoking, and alcohol use. However, more 
longitudinal research on stress-related biomarkers is needed 
to fully support the biological stress mechanism.
The stronger association between individual-level per-
ceived safety and BP among women than men in our study 
might be explained by sex differences in stress response. 
Characteristic
Year 0, exam 1 Year 2, exam 2 Year 3, exam 3 Year 5, exam 4 Year 10, exam 5 P-valuea
N (%) N (%) N (%) N (%) N (%)
Health behaviors/clinical factors
Smoking status 0.1
  Never smoker 248 (47.0) 213 (44.6) 203 (44.4) 179 (42.8) 158 (43.0)
  Former smoker 211 (40.0) 208 (43.5) 207 (45.3) 199 (47.6) 180 (49.1)
  Current smoker 69 (13.0) 57 (11.9) 47 (10.3) 40 (9.6) 29 (7.9)






5453.3 (4783.1) 4854.0 (4445.7) 5148.2 (5050.4) 5043.1 (4892.0) 5024.6 (4720.1) 0.4
Waist circumference, 
mean (SD)
92.9 (13.8) 94.0 (14.0) 94.1 (14.2) 93.9 (13.9) 95.1 (15.7) 0.3
 Diabetes 24 (4.6) 22 (4.6) 20 (4.4) 24 (5.7) 34 (9.3) 0.01
 Hyperlipidemia 173 (32.8) 158 (33.1) 139 (30.5) 123 (29.6) 74 (20.2) <0.001
On antihypertensive 
medication
38 (7.2) 66 (13.8) 82 (17.9) 97 (23.2) 112 (30.5) <0.001
Neighborhood covariates
Length of residence 
in neighborhood 
at baseline, years, 
mean (SD)
18.9 (14.4) 19.5 (14.2) 19.7 (14.4) 19.8 (14.3) 19.2 (13.8) 0.9
 Neighborhood 
socioeconomic 
status factor score, 
mean (SD)d
−2.1 (1.5) −2.0 (1.5) −2.1 (1.4) −2.3 (1.4) −2.0 (1.3) 0.003
Moved before visit N/A 31 (6.5) 21 (4.6) 23 (5.5) 29 (7.9) 0.2
The Multi-Ethnic Study of Atherosclerosis (MESA), Chicago, Illinois, 2000–2012.
aP-values from chi-squared tests for categorical variables and analysis of variance (ANOVA) for continuous variables.
bFor participants who reported antihypertensive medication use, 10 mm Hg was added to the observed systolic blood pressure and 5 mm Hg 
was added to the observed systolic blood pressure to account for treatment effects.
cHigher value indicates greater safety.
dHigher value indicates lower socioeconomic status.
Table 2. Continued
Psychological distress has been shown to mediate associa-
tions between neighborhood safety and obesity,29 and a simi-
lar process might be at work for BP. Women may experience 
greater fear of crime in response to perceived neighborhood 
risks,30 which may increase the level of psychological distress 
experienced due to living in a neighborhood perceived to 
be unsafe. In addition, sex hormones regulate the hypotha-
lamic-pituitary-adrenal axis response to psychological stress 
differently between men and women,31 which might explain 
the differences observed in our study.
The magnitude of SBP reduction associated with an 
increase in individual-level perceived safety in our study 
suggests that interventions that increase individuals’ per-
ceived neighborhood safety could have a meaningful impact 
on CVD. SBP is more strongly related to CVD incidence 
than DBP among middle-aged and older adults.32 In add-
ition, a prior study evaluating the impact of a hypothetical 
population-level intervention estimated that a 1  mm Hg 
reduction of SBP would reduce incidence of coronary heart 
disease by approximately 10 events per 100,000 population.33 
Thus, even relatively small changes in SBP may be clinically 
meaningful in terms of CVD prevention.
Strengths of this study include longitudinal data with 
multiple domains of neighborhood safety and crime meas-
ured at multiple time points, and the diverse sample of 
middle-aged to older adults. This study is also subject to 
several limitations. First, while fixed-effects models prevent 
confounding by unmeasured time-invariant factors, they 
do not eliminate residual confounding due to time-varying 
unmeasured factors (e.g., other neighborhood characteris-
tics such as the built environment). Second, selection bias 
may have occurred if loss to follow-up differed by both BP 
and neighborhood safety/crime. Third, the survey-based 
neighborhood safety measures were only available at two 
time points. While this enabled us to estimate changes, we 
assigned measures at exams where this information was not 
collected based on the closest time point. This may have led 
to misspecification of the neighborhood environment in 
these unmeasured time points and may have reduced the 
amount of change we were able to capture. The crime data 
in this study did not capture crime incidents that were not 
reported to the police. In addition, reasons for the unex-
pected association of police-recorded crime with a reduction 
in BP among women remained unclear. Finally, as our analy-
sis included only MESA participants in Chicago, results may 
not generalize to other geographic locations.
CONCLUSIONS
In a multi-ethnic cohort of middle-aged to older adults, 
increases in individual-level perceived safety were associated 
with within-person reductions in SBP overall, and with DBP 
among women. Associations for police-recorded crime were 
Table 3. Mean within-person changes in blood pressure associated with within-person changes in crime and neighborhood safetya
Systolic blood pressure (mm Hg) Diastolic blood pressure (mm Hg)









−0.78 (−2.26, 0.69) −1.38 (−3.43, 0.67) −0.30 (−2.37, 1.77) 0.14 (−0.59, 0.88) 0.45 (−0.70, 1.60) −0.12 (−1.08, 0.84)
Total crime per 
1,000 persons 
within 1 milec
−0.25 (−0.60, 0.10) 0.32 (−0.13, 0.78) −0.83 (−1.36, −0.30)* −0.08 (−0.25, 0.10) 0.11 (−0.15, 0.36) −0.25 (−0.50, −0.01)*








−0.79 (−2.33, 0.75) −1.06 (−3.20, 1.08) −0.70 (−2.88, 1.48) 0.12 (−0.65, 0.90) 0.45 (−0.75, 1.65) −0.18 (−1.19, 0.84)
Total crime per 
1,000 persons 
within 1 milec
−0.34 (−0.70, 0.02) 0.26 (−0.21, 0.73) −0.94 (−1.49, −0.38)* −0.08 (−0.26, 0.10) 0.15 (−0.11, 0.42) −0.29 (−0.54, −0.03)*
The Multi-Ethnic Study of Atherosclerosis (MESA), Chicago, Illinois, 2000–2012. *P < 0.05.
aEstimated using linear fixed-effects models with subject-specific fixed effects. Models adjusted for time since baseline as two-knot piecewise 
linear splines, and the following time-varying covariates: marital status, household income, smoking status, alcohol use, waist circumference, 
total physical activity, diabetes, hyperlipidemia, neighborhood socioeconomic status, and moving before the exam. Neighborhood exposures 
were first modeled separately (“single exposure models”) and subsequently models were run including all three neighborhood exposures (“fully 
adjusted models…”).
bPer standard deviation increase. Higher score indicates greater perceived neighborhood safety.
cPer 10 crime increase.
dP values for neighborhood exposure × sex interactions: Systolic blood pressure: individual perceived safety: P = 0.03, neighborhood safety: 
P = 0.6, total crime: P < 0.0001. Diastolic blood pressure: individual perceived safety: P = 0.003, neighborhood safety: P = 0.09, total crime: 
P = 0.001.
inconsistent. Results suggest individual perceptions of safety 
differ from police-recorded crime, and support the develop-
ment of evidence-based approaches to improve neighbor-
hood safety and engage residents in the process order to 
improve their perceptions of neighborhood safety.
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